The present day seismic activity from a region reflects the active tectonics and can confirm the seismic potential of the seismogenic sources as they are modelled using the historical seismicity. This paper makes a comparative analysis of the last decade seismicity recorded in the Banat Seismic Region (western part of Romania) and the historical seismicity of the region (Mw≥4.0). Four significant earthquake sequences have been recently localized in the region, three of them nearby the city of Timisoara (January 2012 and March 2013) and the fourth within Hateg Basin, South Carpathians (October 2013). These sequences occurred within the epicentral areas of some strong historical earthquakes (Mw≥5.0). The main events had some macroseismic effects on people up to some few kilometers from the epicenters. Our results update the Romanian earthquakes catalogue and bring new information along the local seismic hazard sources models and seismotectonics.
Introduction
The seismicity of the western territory of Romania, often called "Banat Seismic Region" (BSR) is characterized by obvious clusters of epicenters that are grouped within two major seismogenic zones, Banat Seismogenic Zone (BSZ) in the North and Danube Seismogenic Zone (DSZ) in the South, respectively, as they are defined and characterized by [1] [2] [3] . The seismicity of BSR is a crustal one (h=1-35 km) being controlled by several faults systems that can be reactivated under particular stress conditions.
To our best knowledge, only several papers on the seismicity of the studied region have been elaborated and/or published last decade. Most of these papers refer to seismicity and seismic sequences [4] [5] [6] [7] [8] [9] [10] [11] [12] , seismicity and seismic hazard [1-3, 13, 14] , the relationship between seismicity, geology, tectonics, stress field and geodynamics features [5, 15] .
We also found out in the literature some older works on the same topics [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] 29] . All these papers brought significant and coherent data to the knowledge and understanding of the earthquakes in the region. Thus, the first paper published by [16] described two major patterns of the earthquakes manifestations within BSR, defining them as the "Banat earthquakes" grouped in the North and "Danube earthquakes" located in the South. The seismogenic zones recently modelled by [3] generally correspond to this classification. Then, [17] and [18] used geological and geophysical data to achieve a detailed seismotectonic zoning of the Romanian territory and [26] emphasized significant seismotectonic details in the region on the seismicity and neotectonic activity relationship.
Using a grid search technique and a detailed tectonic map of BSR [21] [22] [23] [24] computed a "geographical index of seismicity" or "tectonic stream distribution" to define the three zones with high seismic potential. Their results supported the modern macroseismic zoning of the region which was included in the Romanian standard and remained unchanged until present.
Later [14] made a synthesis based on the last Regional Catalogue (CAPAB) published by [28] and described four zones where the strongest earthquakes with Imaxobs=VIII EMS have been located. Two of them develop within Western Plain of Romania between Arad-Sinnicolau Mare and Banloc-Timisoara, respectively. The other two are located in the South Carpathian Orogen, known as Oravita-Moldova Noua and Mehadia-Orsova seismic zones. [14] have described three time-dependent seismic sequences for BSR: i) Foreshock-Main shock-Aftershocks, ii) Main shock-Aftershocks and iii) Swarms. They also speculate some long-time behavior of the seismic activity with its possible migration between the North and the South seismic zones.
Recently, [2] compiled the most complete earthquakes catalogue located within BSR and its surroundings and he modeled the newest seismic zoning of RSB using a comprehensive dataset on geology, geophysics, tectonics and seismicity. He defined three zones of particular seismicity that correlate to the geotectonic units on Mw≥5.3 (Io≥VII-VIII EMS) earthquakes distribution basis: i) the Northern Zone with Sinnicolau Mare-Arad epicentral areas, ii) the Central Zone having two epicentral areas (Timisoara and Banloc-Voiteg) and iii) the Southern Zone inside which he defined Oravita-Moldova Noua and Mehadia-Orsova epicentral areas. The author described also a new seismo-active zone within Poiana Rusca Mts -Hateg Basin -Bistra Valley area.
The main objective of this paper focuses on i) the investigation of the seismic activity recorded in the region over last decade, especially the past five years when several events produced macroseismic effects, and ii) performing a comparative analysis with the strong historical seismicity models and local seismic hazard sources. We also analyzed and compiled all available databases to update the regional parametric catalogue of earthquakes for Banat (CAPAB) developed by [3] .
Data and processing
We compiled a new up to date earthquakes catalogue using seismic bulletins and catalogues. Two earthquakes catalogues, CAPAB by [3, 28] and ROMPLUS (updated version from www.infp.ro) furnished hypocentral parameters of all earthquakes used in the paper. For many significant earthquakes we also collected primary seismological data, like waveforms, travel times, polarities, amplitudes recorded by:
i. the Romanian Seismic Network ii. national and international seismological services, such as for example CSEM (www.emsc-csem.org), GFZ-GEOFON (www.geofon.gfz-potsdam.de/waveform), ISC (www.isc.ac.uk) and Serbian Seismological Survey (www.seismo.gov.rs).
The core of the new database is CAPAB Regional Catalogue compiled for 1443-2006 period by [3] . All seismic events recorded since 2007 have been imported from ROMPLUS Catalogue and ISC Bulletins. We relocated all imported hypocenters using a local velocity model [2] and the Seisan free software package [30] A complex problem for seismicity studies appeared since 2000 when the Romanian Seismic Network systematically developed and very sensitive seismic sensors have been installed all over the Romanian territory. As a direct consequence, ROMPLUS included a large number of seismic events that could be explosions and so, these events can contaminate the natural phenomena under investigation. The same problem could appear in ISC bulletins from the data supplied by the Seismological Service of Serbia. We investigated the compilation between 1988-2013 to identify and eliminate, as it is possible, all this type of events. The charts presented in Fig. 1 show anomalous values of some relevant parameters for highlighting the events suspected to be explosions. Thus, we simply could notice:
i. a very sharp increase in the cumulative number of events after 2005 without any significant increase in seismic moment; iii. a large value of the b coefficient of Gutemberg-Richter relationship (b>1.5).
To localize the zones with possible quarry and/or mining blasts we firstly investigated the ratio of daytime to nighttime number of events as an efficient technique described by [31] . High values of this ratio estimate the possible distribution of explosions in the region. We applied this (Fig. 2) . However, we applied additional criteria before eliminating the suspected explosions: first polarities of P wave (direct P waves from explosions expose compressions), waveforms, magnitude, information about the locations of quarries, mines, etc. We kept in the final catalogue more events located in areas Siria-Arad, Deva-Hateg and Moldova on the direct P wave polarity and spatial distribution of epicenters criteria basis. We obtained the histograms and the maps shown in Fig. 1 and Fig. 2 using Zmap software [32] .
The new updated regional catalogue elaborated for BSR by [3] contains 8690 entries of which 1080 occurred between 2007 and 2013.
Results and discussions
Figure 3 displays the distribution of seismic events identified and localized in BSR between 1 January 2007 and 31 December 2013. Even there is a trend of dispersion of the epicenters within entire region we notice several obvious clusters. Four significant earthquakes, defined here as events with macroseismic effects, occurred in the region over last years (Table 1) . [12] .
Recas-Topolovatu Mare zone (92 events, main shock on 09.01.2012) is the largest epicentral area of the four investigated in this work. The recent seismic activity was analyzed on detail by [8] . Historical seismicity confirms the seismic potential of the system faults in this area [6] . The major events recorded are the following [19] [29] ). Even when we wrote this paper for the conference, an earthquake with ML=3.0 occurred in this zone; thus confirming that it is a seismic area to which we must pay a particular attention in the future (monitoring and historical investigations).
We localized on the map displayed in Fig. 3 many other recent earthquakes clusters, such as Lovrin-Teremia, Srbski Ittebej (Serbia-Romania border), Banloc-Voiteg, Sag-Parta, Moldova Noua-Oravita and Mehadia seismic zones. All of them have no significant main event but they were associated with the major historical earthquakes (M≥4.0/I≥VI EMS) mapped in Fig. 4 and with the main seismotectonic sources defined and used for seismic hazard assessment by [2] . Zone and Danube Seismogenic Zone, senso [3] . Insert: the configuration of the seismic hazard sources defined by [2] .
We also identified some new zones of recent high seismic activity:
1) The Lipova-Siria zone with two obvious E-W alignments defined by the epicenters distribution; 2) The Bocsa zone with a group of epicenters rather scattered within a small area.
These two seismo-active areas may be connected with human activities, like quarry and/or mining blasts as we before analyzed (Fig. 2) . However, the seismic history and the almost linear distributions of the epicenters from Lipova-Siria zone argue their tectonic origin. Thus, the Bocsa seismic zone remains a questionable one that needs a future monitoring.
In the central part of BSR, between Siria and Mehadia, where [2] defined a local seismic hazard source (Fig.4, insert) , two NNW-SSE oriented alignments of the epicenters distributions can be also observed (Fig. 3) . The alignments fit the above mentioned source configuration (S1 , Fig 4,  insert) and the earthquakes distribution displayed in Fig. 4 (h<20.3 km, South to Arad and NE to Timisoara). Only one significant, but uncertain, earthquake we know in the zone [2] , the Mw=5.4, 19.10.1797 event. We need future seismic monitoring and detailed geological and geophysical investigations to clarify their seismotectonic features.
Generally, seismic activity recorded over last decade in BSR correlates very well with historical seismicity model defined by Mw≥4.0 earthquakes and the seismic hazard sources defined by [2] . All zones with high seismic hazard (M≥5.2) seem to be very active, especially Mehadia, Timisoara and Banloc-Voiteg (prolonged up to Sag-Parta). Exceptions are Sinnicolau Mare-Arad (28 events, Mmax=2.8) and Moldova Noua-Oravita (47 events, Mmax=2.6) areas where recent seismic activity is insignificant, both in number and in magnitude of recorded events.
Last events that occurred near Timisoara, the greatest city in the region, are the first ones that produced macroseismic effects after the Mw=4.3/Io=V-VI EMS 17.01.1978 earthquake [2] . The city of Timisoara experienced strong effects from the earthquakes occurred in the seismic history. We can mention the following major events: A high seismic activity is grouped on the eastern part of Mehadia-Orsova zone but we do not analyze here because it is a source located outside of the studied region.
Conclusions
The recent and historical seismicity models show an important and continuous seismic activity within the entire investigated region. The recent seismicity model fits the historical one and generally confirms the number, configuration and seismic potential of the newest local seismic hazard sources modelled by [2] .
The paper brings data about new zones with high seismic activity that could change and/or improve the known seismotectonic setting and the seismic hazard input.
We will make new observations, detailed documentations and a continuous monitoring of the region for clarifying all uncertainties about historical seismicity and its relationship with recent micro-seismicity and tectonics, especially within Hateg Basin and Siria-Mehadia, LipovaCaransebes and Bocsa areas.
